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Table 1
Cross-sectional associations of mediopatellar plica with cartilage damage in the PFJ
Mediopatellar Plica Risk of cartilage damage (WORMS score 2) Adjusted** OR (95%CI)
Medial patella Lateral patella Medial trochlea Lateral trochlea
Absent (N¼179)
n (%) 104 (58.1%) 80 (44.7%) 67 (37.4%) 49 (27.4%)
Odds ratio (95% CI) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Present (N¼163)
n (%) 108 (66.3%) 61 (37.4%) 69 (42.3%) 41 (25.2%)
Odds ratio (95% CI) 2.12* (1.23-3.64) 1.06 (0.62-1.81) 1.17 (0.70-1.96) 1.19 (0.65-2.20)
*Statistically signiﬁcant.
**Adjustment for age, gender, BMI, PLR, SA, LPTA, BO, effusion synovitis, Hoffa synovitis.
Table 2
Cross-sectional associations of mediopatellar plica with bone marrow lesions in the PFJ
Mediopatellar Plica Risk of BMLs (WORMS score 1) Adjusted** OR (95%CI)
Medial patella Lateral patella Medial trochlea Lateral trochlea
Absent (N¼179)
n (%) 53 (29.6%) 58 (32.4%) 30 (16.8%) 34 (19.0%)
Odds ratio (95% CI) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Present (N¼163)
n (%) 43 (26.4%) 43 (26.4%) 30 (18.4%) 33 (20.3%)
Odds ratio (95% CI) 1.35 (0.77-2.34) 1.17 (0.67-2.04) 0.95 (0.51-1.78) 1.55 (0.81-2.99)
*Statistically signiﬁcant.
**Adjustment for age, gender, BMI, PLR, SA, LPTA, BO, effusion synovitis, Hoffa synovitis.
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modiﬁed from the Sakakibara arthroscopic classiﬁcation, which takes
into account relative size of the plica in relation to the osteochondral
junction of the anterior medial trochlea. Cartilage (from 0 to 6) and bone
marrow lesions (BMLs - from 0 to 3) were semiquantitatively assessed
according to the Whole Organ Magnetic Resonance Imaging Score
(WORMS) system for the medial patella, medial trochlea, lateral patella,
and lateral trochlea. In addition Hoffa-synovitis and effusion synovitis
were scored from 0-3. Anatomical measurements of the PFJ included the
patellar length ratio (PLR), lateral patellar tilt angle (LPTA), bisect offset
(BO), and sulcus angle (SA) onMR images. The frequencies of each type of
MPP were described. Further, presence of MPP (any) and its cross-
sectional association with cartilage damage (deﬁned as WORMS score
2) andBMLs (deﬁnedasWORMS score1) in thePFJwas assessedusing
logistic regression. Adjustmentwasperformed for age, gender, bodymass
index (BMI), PLR, LPTA, BO, SA, and Hoffa- and effusion-synovitis.
Results: The mean age of subjects was 52 (SD6) years, 95 (53.7%) were
men, 160 (90.4%) were white and 144 (81.4%) had a BMI25. Altogether
163 (47.7%) knees exhibited medioplatellar plica (76 knees (22.2%) were
Type A, 69 knees (20.2%) Type B, and 18 knees (5.3%) were Type C).
Signiﬁcant cross-sectional associations of presence of MPP with carti-
lage damage were observed for the medial patella (Adjusted odds ratio
(aOR) 2.11, 95% CI 1.23-3.62), but not for the medial trochlea or the
lateral PFJ (Table1). No associations were found for MPP and presence of
BMLs in the medial and lateral patellofemoral compartments (Table 2).
Conclusions: Type A and B plicae are common while type C plicae are
rare. The presence of MPP is cross-sectionally associated with medial
patellar cartilage damage after adjustment for multiple structural and
demographic risk factors of PF structural damage. No increased risk was
observed for presence of MPP and cartilage damage at the medial
trochlea or for the lateral compartment. No associations were found for
presenceofplicae andBMLs inanyof thePF subregions. The latterﬁnding
might be explained by different loading conditions in the PFJ in
comparison to the TFJ as BMLs are a direct reﬂection of increased loading.
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RADIOGRAPHIC JOINT SPACE NARROWING, MALALIGNMENT AND
CLINICAL SOFT TISSUE SWELLING ARE ASSOCIATED WITH MRI-
DEFINED BONE MARROW LESIONS IN HAND OSTEOARTHRITIS
I.K. Haugen 1, P. Bøyesen 1, B. Slatkowsky-Christensen 1, S. Sesseng 1,
D. van der Heijde 1,2, T. Kvien 1. 1Diakonhjemmet Hosp., Oslo, Norway;
2 Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: To explore whether radiographic features of hand OA and
clinical inﬂammation were associated with BMLs in a cross-sectional
study of patients with hand OA.Methods: We included 108 patients (98 women, mean (SD) age
68.8 (5.6) years) from the Oslo hand OA cohort with available 1.0T
MRIs (axial/coronal/sagittal T1w pre- and post-gadolinium and
coronal/axial STIR images), conventional radiography (postero-
anterior view) and clinical joint examination of soft tissue swelling
of the 2nd-5th distal (DIP) and proximal interphalangeal (PIP)
joints of the dominant hand. One reader read the STIR images for
presence of BMLs and the T1w pre-and post-gadolinium images for
presence of synovitis according to the proposed Oslo hand OA MRI
scoring system (1). The hand radiographs were scored for presence
of radiographic osteophytes, joint space narrowing (JSN), erosions,
cysts, sclerosis and malalignment according to the OARSI atlas. In
our primary model, we examined whether radiographic hand OA
features (as markers of structural pathology) and clinical soft tissue
swelling of the joints (as a marker of inﬂammation) were associated
with presence of MRI-deﬁned BMLs using logistic regression with
Generalized Estimating Equations in order to adjust for within-
subject dependency (unstructured correlation matrix). Features
that were associated (p<0.25) with BMLs in univariate analyses
(adjusted for age and sex) were included in a multivariate model.
The multivariate model included features that were associated with
BMLs (p<0.10) after backward selection (adjusted for age and sex).
Our second model was similar to our primary model, but we used
presence of MRI synovitis (grade 2-3) as a marker of inﬂammation
instead of clinical soft tissue swelling.
Results: Patients with hand OA had a low prevalence MRI-deﬁned BMLs
in the DIP and PIP joints of the dominant hand; the median (inter-
quartile range; IQR) number of joints with BMLs was 1 (0-2). Radio-
graphic JSN (grade 1-3) were present in themajority of joints (median 7,
IQR 6-8), while the median (IQR) of joints with moderate/severe JSN
(grade 2-3) was 2 (0-4). Hence, we deﬁned presence of JSN as grade 2-3.
All features except sclerosis were associated with presence of BMLs in
the adjusted univariate analyses and were included in the multivariate
model (table). The ﬁnal multivariate model included JSN, malalignment,
clinical soft tissue swelling and cysts (table), of which the latter was
borderline signiﬁcant.
In our second model with MRI-deﬁned synovitis (grade 2-3) instead of
clinical soft tissue swelling, we found similar result. However, erosions
and not cysts remained in the multivariate model (data not shown).
Conclusions: Radiographic JSN and malalignment as well as clinical
soft tissue swelling were strongly associated with presence of MRI-
deﬁned BMLs in this cross-sectional study. Whether BMLs in hand
OA are caused by increased loading and bone trauma (as in knee OA)
and/or inﬂammation needs to be proven in future longitudinal
studies.
1. Haugen et al Ann Rheum Dis 2011;70:1033-8
Median number of DIP and PIP joints with radiographic structural OA features and
clinical joint swel
Associations to BMLs (Odds ratio 95% CI)
Median (IQR)
affected joints
(range 0-8)
Univariate models *
(separate models)
Multivariate
model * (one
single model)
Osteophytes 3 (1-5) 4.9 (3.2-7.4) -
Joint space
narrowing
2 (0-4) 10 (4.2-23) 4.4 (2.2-9.0)
Erosions 0.5 (0-3) 4.1 (2.8-6.2) -
Cysts 0 (0-1) 2.9 (1.4-5.9) 2.5 (0.9-6.5)
Sclerosis 0 (0-0) 2.1 (0.6-6.7) -
Malalignment 0 (0-1) 3.1 (2.1-4.5) 2.1 (1.4-3.4)
Clincial soft
tissue swelling
3 (2-5) 4.7 (2.9-7.7) 2.6 (1.4-4.7)
* adjusted for age and sex
*Using generalized estimating equations to adjust for correlations between knees
within subjects
Sex-speciﬁc tertiles
of Thigh Muscle
Mass (g)
OR (95% CI) for
worsening whole
knee JSN
OR (95% CI) for
worsening TF
JSN
OR (95% CI) for
worsening PF
JSN
Men Highest, (n¼316) 1.50 (0.92, 2.45) 1.53 (0.92,
2.54)
2.41 (0.77,
7.47)
Middle, (n¼316) 1.33 (0.87, 2.04) 1.30 (0.83,
2.03)
1.40 (0.45,
4.34)
Lowest, (n¼316) 1.0 1.0 1.0
P for linear trend 0.1064 0.0975 0.1357
Women Highest, (n¼484) 0.87 (0.58, 1.32) 0.85 (0.55,
1.30)
0.98 (0.47,
2.05)
Middle (n¼485) 0.79 (0.55, 1.12) 0.71 (0.48,
1.03)
1.16 (0.63,
2.13)
Lowest, (n¼484) 1.0 1.0 1.0
P for linear trend 0.4748 0.4073 0.9786
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SEVERITY OF PATELLOFEMORAL JOINT DISEASE IS ASSOCIATED
WITH INCREASED FUNCTIONAL LIMITATIONS AND LOWER LIMB
IMPAIRMENTS IN PATIENTS WITH COEXISTING TIBIOFEMORAL
OSTEOARTHRITIS
S. Farrokhi, S.R. Piva, A.B. Gil, G.K. Fitzgerald. Univ. of Pittsburgh,
Pittsburgh, PA, USA
Purpose: Although the knee joint is comprised of both the tibiofemoral
and the patellofemoral joints, knee osteoarthritis (OA) has primarily
been viewed as a disorder of the tibiofemoral joint alone. Therefore, the
potential impact of coexisting patellofemoral joint disease has gone
largely unconsidered. As such, it is currently unclear to what extent the
severity of patellofemoral joint disease is associated with the symp-
toms, functional limitations, and lower limb physical impairments
attributed to knee OA. The purpose of the present study was to compare
the knee related functional limitations and lower limb physical
impairments between individuals with tibiofemoral OA who have
minimal patellofemoral joint disease and those presenting with tibio-
femoral OA who have more advanced patellofemoral joint disease.
Methods:Asecondaryanalysis of baseline data for 167 subjects (55men;
112 women) participating in a randomized clinical trial of exercise
therapy for knee OA was performed. Subjects were included in the
analysis if they met the American College of Rheumatology clinical
criteria for knee OA as well as having a Kellgren & Lawrence (KL) radio-
graphic grade of 2 or greater for tibiofemoral OA. Subjects with tibiofe-
moral OA were subsequently divided into two groups of minimal
patellofemoral joint disease (KL grade 0-2 for patellofemoral joint;
N¼96), mean age 63.89.1 yr, height 168.09.6 cm, body mass
84.219.0 kg, body mass index 29.86.4; or moderate to severe patel-
lofemoral joint disease (KL grade 3-4 for patellofemoral joint; N¼71) age
63.88.7 yr, height 167.89.3 cm, body mass 89.617.4 kg, body mass
index 31.96.1. The 24-itemWesternOntario andMcMaster Universities
(WOMAC)OA Index and the 14-itemActivities of Daily Living Scale of the
Knee Outcome Survey (ADLS) were used to gather information on pain
and limitations during performance of speciﬁc functional tasks. Pain and
functional limitations reported on the individual WOMAC and ADLS
items were then dichotomized as normal/mild or moderate/extreme.
The association of eachWOMAC and ADLS individual itemwith severity
of patellofemoral disease was examined by multiple logistic regression
adjusted for age and BMI. Additionally, independent sample t-testswere
used to evaluate between-group differences in quantitative knee
extension strength and knee range of motion.
Results: More severe patellofemoral joint disease was associated with
moderate/extreme limitations with going down stairs (OR ¼ 2.8; 95%
CI: 1.4 to 5.6) and kneeling on the front of the knee (OR¼ 2.6; 95%: CI 1.2
to 5.8). In addition, moderate/extreme pain with going up and down
stairs (OR ¼ 2.2; 95% CI: 1.1 to 4.0) was associated with more advanced
patellofemoral joint involvement. Patients with severe patellofemoral
joint disease also demonstrated decreased knee extension strength
(4.01.8 Nm/BMI vs. 5.01.8 Nm/BMI; p<0.001) along with more
pronounced range of motion limitations in Knee ﬂexion (126.810.9
vs. 132.910.3; p<0.001) and knee extension (-6.06.1 vs. -4.45.7;
p¼0.04).
Conclusions: Coexistence of moderate to severe patellofemoral joint
disease along with tibiofemoral OA appears to be associated with
increased pain and difﬁculty with negotiating stairs and kneeling, aswell as decreased knee extension strength and range of motion. Thus,
speciﬁc treatment strategies targeting the patellofemoral joint may be
needed if these speciﬁc functional problems and lower limb impair-
ments are to be mitigated. Further efforts on clinical recognition of
coexisting patellofemoral and tibiofemoral OA may be warranted.
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EVALUATION OF THE LONGITUDINAL RELATIONSHIP BETWEEN
THIGH MUSCLE MASS AND WORSENING KNEE JOINT SPACE
NARROWING
N.A. Segal 1, K. Wang 2, C. Findlay 1, J.C. Torner 1, M. Nevitt 3. for the
Multicenter Osteoarthritis Study Group1Univ. of Iowa, Iowa City, IA,
USA; 2Boston Univ., Boston, MA, USA; 3Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: Greater knee extensor strength has been found to reduce risk
for knee joint space narrowing (JSN) in women. However, this ﬁnding
could relate to muscle mass, muscle activation or antagonist co-acti-
vation pattern. The purpose of this study was to assess whether greater
thigh muscle mass confers protection against worsening of JSN of the
whole knee, tibiofemoral or patellofemoral compartments by 30-month
follow-up.
Methods: Multicenter Knee Osteoarthritis (MOST) study participants,
who underwent dual energy x-ray absorptiometry (DXA) at the Iowa
clinical site and who had an OARSI JSN score less than 3 at baseline were
included. Thigh muscle mass was calculated using Hologic body
composition analysis software by segmenting sub-regions of muscle in
each of the thighs on DXA images (Illustration in Figure). Sex-stratiﬁed,
knee-based analyses used logistic regression with generalized esti-
mating equations (GEE) to control for incomplete independence
between limbs within subjects. The effect of independent tertiles of
thigh lean mass as predictors of ipsilateral worsening of JSN in the
whole knee, tibiofemoral and patellofemoral compartments were
assessed, while controlling for age, BMI, and history of knee surgery.
Conﬁrmatory analyses were conducted using a validated formula that
corrects for error in DXA estimates of thigh muscle mass in thighs with
higher fat mass.
Results: A total of 514 men (948 knees) and 784 women (1453 knees)
were included. MeanSD age and BMI were 62.37.9 years and
30.05.0 kg/m2 in men and 62.57.9 and 30.46.0 kg/m2 in women.
11.3% of male knees and 8.1% of female knees had a history of surgery. At
baseline, 82.4% of male knees had tibiofemoral and 97.7% had patello-
femoral JSN scores of 0 or 1 and 81.8% and 94.9% of female knees
respectively had JSN scores of 0 or 1. Tertiles of thigh muscle mass in
men were {4525.4 - 6801.2 g, 6802.2 - 7697.1 g, and 7697.2 - 11139.5 g}
and in women were {2769.6 - 4472.7 g, 4475.1 - 5124.1 g, and 5126.5 -
8676.8 g}. In comparisonwith the lowest tertile, men and women in the
highest andmiddle tertiles of thighmuscle mass did not differ in risk for
whole knee JSN, tibiofemoral JSN, or patellofemoral JSN (Odds Ratios
Presented in Table). Results of conﬁrmatory analyses also did not
provide evidence for an association between thigh muscle mass and
odds for these JSN outcomes.
Conclusions: Although greater knee extensor strength was found to
reduce risk for progression of JSN inwomen in this cohort, greater thigh
muscle mass does not appear to confer protection against worsening
knee JSN. These ﬁndings suggest that rather than assessing the effect of
